Context: Ectopic ACTH syndrome (EAS) is principally associated with aggressive malignant tumors but also with neuroendocrine tumors of good prognosis. Recently, rare nonhepatocytic nested stromal and epithelial tumors (NSET) were characterized by their possible association with Cushing's syndrome of which biochemical and physiopathological features were still incompletely studied. Objective: To describe the clinical and hormonal characteristics of an EAS originating from a liver NSET and further understand the mechanism of cortisol overproduction. Design and setting: This is a clinical case report from the Endocrinology Department of Caen University Hospital, France. Patient and intervention: A 17-year-old female patient was found to have a large liver NSET with mild Cushingoid clinical features and intense biological hypercortisolism but moderate ACTH secretion. Resection of the tumor was curative with a 30-month follow-up. Results: The epithelial component of the tumor coexpressed ACTH mildly, corticotropin-releasing hormone (CRH) strongly, and 11b-hydroxysteroid dehydrogenase at a level comparable with normal human hepatocytes. Conclusions: Liver NSET is a new cause of EAS, which may evoke hypercortisolism by multiple biochemical pathways.
Introduction
Ectopic ACTH syndrome (EAS) represents 9-18% of all causes of Cushing's syndrome (1) (2) (3) . EAS is mainly associated with either highly malignant tumors such as small cell lung carcinoma or less aggressive tumors such as pulmonary or mediastinal carcinoids, but also pancreatic and thymic carcinoids, gastrinoma, pheochromocytoma, and medullary thyroid cancer. Recently, rare cases of nonhepatocytic mixed nested stromal and epithelial tumors (NSET) of the liver were reported by two different groups, and their histopathologic and immunohistochemical features were extensively described (4, 5) . Of 22 cases reported in the literature, few were associated with Cushing's syndrome which clinical and biochemical characteristics were partially described (4, 6) . In the present report, we describe the occurrence of a NSET of the liver in a teenage girl who developed EAS originating from combined production of ACTH and corticotropinreleasing hormone (CRH) by the tumor. The histopathological and immunological characteristics of the tumor are described, and the mechanism of cortisol overproduction is under investigation.
Patient and methods

Patient
A 17-year-old girl with no past medical history was referred for persistent asthenia in December 2005. She complained about the rapid occurrence of facial edema and mild acne. Physical examination revealed a palpable right upper abdominal mass. Ultrasound and computed tomography (CT) scan confirmed a 132!92 mm diameter well circumscribed but heterogeneous and partially calcified mass of the left liver with foci of necrosis ( Fig. 1) . Laboratory findings included g-glutamyl transferase up to sixfold above the normal range, 24-h urinary free cortisol at 3490 nmol (normal range 55-275), plasma cortisol and plasma ACTH respectively at 660 nmol/l and 25 pmol/l at 0800 h (normal range 276-690 nmol/l and 4-21 pmol/l respectively) and at 798 nmol/l and 27 pmol/l at 0000 h (normal range !207 nmol/l and !2.2 pmol/l respectively). The standard high dose dexamethasone suppression test resulted in partial decrease in 24-h urinary free cortisol (1650 nmol). Magnetic resonance imaging of the skull showed a normal pituitary gland, and CT scan of the thorax was normal. Thyroid function testing, prolactin, and gonadotropin levels were in the normal range. Tumor markers ACE, CA 15-3, CA 19-9, NSE and a-fetoprotein were all in the normal range except b-LPH at 366 pg/ml (normal range 85G39). Tomography emission positron imaging showed increased uptake of 18 F-fluoride in the liver, while no uptake of 111In-pentetreotide was observed on liver scintigraphy. The patient rapidly underwent left hepatectomy with apparent complete removal of the tumor. Two months after surgery, facial edema and acne had resolved. Cortisol/ACTH circadian rhythm was restored, and 24-h urinary free cortisol and plasma b-LPH were in the normal range (55 nmol/day and 61 pg/ml respectively), without hypoadrenalism as stated by the cortisol response to the 250 mg standard ACTH test (567 nmol/l). However, 0800 h plasma ACTH was low (2.6 pmol/l) and 0800 h plasma cortisol in the low normal range (276 nmol/l), suggesting a mild pituitary ACTH suppression consecutive to previous hypercortisolism. Histological examination of the tumor showed a typical nested spindled and epithelioid cell tumor with stromal proliferation, calcifications, and neuroendocrine differentiation (Fig. 2) . Because distant metastatic disease or death due to this category of tumor was never reported at the time of surgery and resection was complete, no complementary chemotherapy was administered. At this time, the patient remains free of apparent residual disease after a 30-month follow-up.
Microscopic and immunohistochemical analysis
All immunochemical stains were performed on sections of 10% formaldehyde-fixed, paraffin-embedded tissue. The tumor cells were characterized immunohistochemically with an antibody cocktail to pancytokeratin (1:200, DakoCytomation, Carpinteria, CA, USA), vimentin (1:200, Dako), epithelial membrane antigen (1:50, Dako), and the neuroendocrine marker CD56 (1:50, Novocastra, Norwell, MA, USA). The desmoplastic stromal cells were characterized with an antibody to smooth muscle actin (1:50, Biogenex, San Remon, CA, USA). Bile ductular cells were characterized with an antibody to cytokeratin 7 (1:200, Dako). ACTH immunoreactivity was characterized with a polyclonal antibody (1:10, Dako). Antibodies to hepatocyte (hepatocyte antigen) and to neuroendocrine markers (chromogranin and synaptophysin, CD99, a-inhibin and estrogen, and progesterone receptors) were also used to characterize hepatocyte cells and neuroendocrine cells respectively.
Quantitative PCR for POMC, 11b-HSD1, and CRH mRNA
Total RNA were isolated from tumor and normal tissue as described by Chomczynski (7) . RT was performed at 37 8C for 60 min in presence of 1 mg of total RNA, using 50 pmol oligodT [12] [13] [14] [15] [16] [17] [18] , 0.2 mM of each deoxynucleotide triphosphate, 10 mM dithiothreitol, 5 U of RNasin and 200 U Moloney murine leukemia virus-RT (Invitrogen) in a final volume of 40 ml. The reaction was terminated by the inactivating enzyme at 95 8C for 5 min. The cDNA obtained was measured by quantitative RT-PCR using Power SYBGreen kit (Applied Biosystems). Realtime PCR was performed in 30 ml reactions and carried out in ABIPRISM7000 system (Applied Biosystems). The thermal cycling conditions included an initial activation step at 95 8C for 10 min, followed by 40 cycles of denaturation, annealing, and amplification (94 8C for 15 s, 60 8C for 1 min). The forward primer sequence for POMC was 5 0 -CAGCCAGTGTCA-GGACCTC-3 0 and the reverse primer sequence was 5 0 -GGTCAGAGGCTGCTCGTC-3 0 (gene accession number NM_000939, primer position 306-426). The forward primer sequence for 11b-hydroxysteroid dehydrogenase enzyme type 1 (11b-HSD1) was 5 0 -TCTCTGTGTT-CTTGGCCTCA-3 0 and the reverse primer sequence was 0 (gene accession number NM_000181, primer position 1829-1909). All mRNA quantifications were expressed as a ratio to GUS mRNA, since GUS is a housekeeping gene encoding for a liver lysosomal GUS, which is present at stable expression levels in tumor and normal human liver.
Results
Histological examination
The left hepatectomy specimen weighed 1650 g and contained a 150!90 mm tumor. Grossly, the tumor appeared well circumscribed, not encapsulated, with a multilobulated tan-white cut surface. Margins were in uninvolved liver. Histological features were consistent with NSET: the tumor displayed an arrangement of cellular nests comprising spindled and/or epithelioid cells in a prominent desmoplastic stroma ( Fig. 2A) . Nuclear membranes were well defined, chromatin was fine, and only scattered mitotic figures were identified without atypical mitosis (Fig. 2C) . Psammomatous calcifications and focal osteoid formation were present (Fig. 2B) . Bile ducts and cords of hepatocytes were entrapped between the tumor cell nests (Fig. 2A) . No component of the tumor exhibited the characteristics of steroidogenic cells.
Immunohistochemical analysis
Immunostaining revealed that the tumor cells co-expressed vimentin, the neuroendocrine marker CD56 (Fig. 2A, inset) , and the pancytokeratin cocktail (Fig. 2C, inset ) in nest cells and bile ducts inside the tumor. The keratin 7 highlighted the entrapped bile ducts within the tumor. Foci of epithelial membrane antigen staining were observed in the tumor (data not shown). Foci of ACTH staining were present in epithelioid cells (Fig. 2D) . Smooth muscle actin was prominently displayed in the desmoplastic stroma (data not shown). The hepatocyte antigen, the neuroendocrine markers chromogranin and synaptophysin, CD99, a-inhibin, and steroid hormone receptors were negative. The diagnosis of Ewing sarcoma or synovial sarcoma was excluded by molecular studies of SYT SSX and EWS WT1.
RT-PCR for POMC, 11b-HSD1, and CRH mRNA POMC mRNA quantification showed an intense expression in NSET liver cells, as compared with normal hepatocyte cells, placental, and adrenocortical control cells, which expressed low if any POMC mRNA level ( Table 1 ). The possibility that active cortisol (F) should be generated from the inactive circulating cortisone (E) by overexpression of the 11b-HSD1 in the tumor tissue was investigated by measuring 11b-HSD1 mRNA in NSET liver cells. 11b-HSD1 mRNA was detected at low level in NSET liver cells, normal hepatocyte cells, and in human fetal placental cells, and in minute amounts if any in adrenal control tissues (Table 1 ). An ectopic expression of CRH was investigated by the measurement of CRH mRNA in NSET liver cells. CRH mRNA quantification showed an 80-fold overexpression in NSET liver cells in comparison with normal human fetal placenta, while CRH mRNA was detected at low level if any in normal hepatocytes and in adrenal control tissues (Table 1) .
Discussion
Mixed neoplasms of the liver were scarcely described, and very few tumors encompassing stromal, epithelial, and osteoid lineages have been reported previously (4, 5, 8) . These NSET characteristically display an arrangement of cellular nests composed of spindled or epithelioid cells surrounded by a desmoplastic stroma (4, 5) . Twenty-two cases were reported in the literature, eleven occurring during infancy (4, 5, 9, 10), seven in teenagers (4-6, 10), and only four cases in the adult (10, 11) . Four cases of liver NSET associated with Cushing's syndrome were reported in two children with ACTH-dependent hypercortisolism (4) and in two teenagers (6, 10) , but these cases were partially described. The prognosis of NSET remains unpredictable due to its scarcity. Nevertheless, among the 22 cases reported in the literature, three have had local hepatic recurrence of the disease, one with lymph node metastasis, but none with disant metastasis (4, 6, 10) .
This report is the first to analyze the biochemical and molecular characteristics of this EAS-associated NSET in order to explain the Cushing phenotype. Our observation displays several comments concerning the clinical and biochemical features of this unusual EAS: first, the clinical expression of Cushing's syndrome in this patient was limited to rounded face and mild acne and contrasted with gross cortisol overproduction, as evidenced by the sixfold increase above the normal range of 24-h urinary free cortisol. These features may be explained by the rapid proliferation of this neoplasm and therefore a presumably short time course of the disease. Second, this case enters the definition of EAS since i) it displays the clinical and biochemical characteristics of tumor-associated abnormal endocrine function, ii) complete removal of the tumor was rapidly followed by the disappearance of the endocrine disturbances, and iii) the presence of ACTH immunostaining and POMC mRNA was demonstrated in the epithelioid component of the tumor as in the placental control tissues (12) . The plasma ACTH levels measured before surgery remained in the range usually found in Cushing's disease, a finding frequently reported in ectopic ACTH-producing tumors (1, 13) . However, such moderate elevation of plasma ACTH levels contrasted with the frank hypercortisolism demonstrated by very high free urinary cortisol level. This discordance together with mild ACTH overexpression suggested by the scarce ACTH-immunostaining signal in the tumor cells prompted us to explore alternative mechanism(s) for explaining cortisol overproduction. The 11b-HSD1 is expressed in glucocorticoid target tissues including the liver where it carries the 11b-oxoreductase and 11b-dehydrogenase activities, which enables the conversion of cortisone into the active glucocorticoid compound cortisol (14, 15) . We therefore investigated the possibility that such liver NSET may overexpress the 11b-HSD1 enzyme and may generate huge amounts of cortisol from its circulating substrate cortisone, thus explaining the massive cortisol overproduction. The finding of 11b-HSD1 mRNA expression in the liver NSET at similar level than normal human liver and placental control tissues makes such hypothesis unlikely (14, 16) . Nevertheless, we cannot exclude that liver NSET 11b-HSD1 may participate in extra-adrenal cortisol overproduction despite the weak expression of the enzyme, due to the huge tumor mass. In the same way, the hypothesis that the liver NSET should exhibit steroidogenic properties for producing cortisol is not supported by the histological aspect of the different cell components of the tumor. In order to explain the discordance between the high level of hypercortisolism and the mild degree of ACTH overexpression in the tumor cells, we raised the possibility that this NSET may express another hormone triggering the pituitary-adrenal axis. We therefore measured the expression of CRH mRNA in tumor extracts and found high levels in the liver NSET compared with fetal placental control tissue (17) , while normal human liver did not express CRH. This finding suggested that ectopic CRH originating from the NSET may have triggered the pituitary production of ACTH, thus stimulating adrenal cortisol overproduction. The characteristic features of ectopic CRH syndrome associate pituitary hyperplasia of the corticotropes and high CRH circulating levels. We were not able to measure the peripheral CRH concentrations and the ACTH petrosal sinus to peripheral ratio before surgery, in order to reinforce this hypothesis. Alternatively CRH produced by the tumor may have triggered the local production of ACTH in a paracrine or autocrine fashion. This hypothesis of the tumoral source of circulating plasma ACTH is reinforced by the finding that 2 months after tumor resection, the pituitary ACTH secretion was low, suggesting the suppression of pituitary ACTH secretion during the active phase of the disease rather than its stimulation by circulating CRH. The low level of ACTH immunoreactivity in the tumor tissue may thus be explained by reduced ACTH storage (18) .
ACTH/CRH coexpression in EAS was first described by Upton and Amatruda in 1971 (19) and is of rare occurrence since Wajchenberg et al. recorded only 13 similar cases in a 23-year period (1). Most cases were carcinoid tumors and metastatic lung oat cell carcinomas. The occurrence of EAS in a liver tumor is extremely rare, as shown by two recent series of EAS reporting 40 and 90 cases respectively but none including a liver tumor (13, 20) .
In conclusion, liver NSET represents a new cause of EAS associated with Cushing's syndrome, which in the present case probably was the consequence of ACTH and CRH cosecretion by the tumor, which stimulated cortisol overproduction by the host adrenal glands.
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